Scaffold proteins play a major role in regulating MAP
indicating that actin polarization is not required for their we show that Mpk1p constitutively shuttles between localization. Importantly, both Mpk1p-GFP and Mkk1p-the nucleus and the cytoplasm, and both Mpk1p and GFP failed to accumulate at bud tips and the bud neck Mkk1p localize to sites of polarized growth in a Spa2p-region in spa2⌬ or spa2-2 cells (Figure 2A ). In contrast, dependent manner. Spa2p belongs to a group of proMpk1p was not necessary for localizing Spa2p-GFP or teins that includes Bni1p, Bud6p, and Pea2p, which Mkk1p-GFP ( Figure 2B ). Mpk1p-GFP localized normally are involved in the dynamic organization of the actin in pea2⌬ or pea2-2 cells, whereas surprisingly, Mkk1p-cytoskeleton during polarized growth [2]. FRAP analy-GFP was barely detected at bud tips ( Figure 2C and our sis shows that Spa2p-GFP is stably anchored at bud unpublished data), although it accumulated at the bud tips, whereas Mpk1p binds transiently. Spa2p interneck region. Finally, Mpk1p-GFP and Mkk1p-GFP localacts with Mkk1p and Mpk1p, and membrane bound ized efficiently to bud tips in bni1⌬ and bni1-10 cells Spa2p is sufficient to recruit Mkk1p and Mpk1p but not ( Figure 2D and Mpk1p-GFP to Spa2p may be responsible for their re- cruitment to the plasma membrane, we fused Spa2p to nucleus of wild-type cells expressing Mpk1p-GFP was photobleached as indicated in Figure 4A , and the recovthe transmembrane domain of Snc2p (Spa2p-CTM) [8] . Although Spa2p-CTM is expected to localize uniformly ery of nuclear fluorescence was quantified and plotted against the time (in seconds) after photobleaching. For to the plasma membrane (see below), this construct was not sufficient to constitutively activate Mpk1p as the control, nuclear fluorescence of Mpk1p-GFP was measured in cells, which were not photobleached assayed by immunoblotting for phosphorylated Swi6p (our unpublished data) [9] . Interestingly, expression of (squares). Interestingly, nuclear fluorescence of Mpk1p-GFP after photobleaching was rapidly restored (Figure Spa2p-CTM in wild-type cells was able to recruit Mkk1p-GFP and Mpk1p-GFP but not Fus3p-GFP or Ste7p-GFP 4A), with a half-life of recovery ( 1/2 ) of 1.5 Ϯ 0.5 s. Exposing the cells to high salt or increased temperature to the plasma membrane ( Figure 3C ), suggesting that Spa2p is not only required but also sufficient to target to activate Mpk1p did not alter this rapid nuclear/cytoplasmic exchange rate (our unpublished data), sugMpk1p and Mkk1p to the cell cortex. In contrast, Ste5p-CTM failed to localize Mpk1p and Mkk1p at the cell gesting that the activity of Mpk1p does not regulate its nuclear shuttling. We also used FRAP to measure the cortex, although it readily recruited Ste7p-GFP or Fus3p-GFP ( Figure 3D) Table 1 . ␣-factor (synthesized by Lipal manuscript. M.P. is supported by the Swiss National Science FounBiochemicals, Zü rich, Switzerland) was added to a final concentradation, the Swiss Cancer League, and the Swiss Federal Institute tion of 5 g/ml (2 mg/ml stock solution in 10 mM HCl).
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